cy of Nigeria, parenteral quinine is indicated in the management of severe malaria, while oral quinine is recommended in the management of acute uncomplicated malaria in pregnancy [7] . In Nigeria, quinine is inexpensive and readily available despite the significant adverse effects associated with its use, such as cinchonism and tinnitus. In order to ensure that available quinine preparations in circulation meet pharmaceutical standards in terms of quality, it may be necessary to conduct pharmaceutical evaluations of both oral and parenteral quinine preparations. Therefore, the objective of this study was to evaluate the pharmaceutical qualities of quinine products obtained in the Nigerian market.
Materials and Methods

Drug Sampling
On a cross-sectional basis, quinine tablets and parenteral and oral liquid preparations (6 brands each) were purchased between February and June 2006 from pharmacies and shops in Onitsha, the neighbouring town of Asaba, as well as from Benin City and Warri, all in Southern Nigeria. The study locations were chosen because it has been reported that drug counterfeiting occurs mostly in open markets, one of which is located in Onitsha [8] . No particular sampling procedure was employed. One of the researchers, posing as a 'normal' customer, purchased the drugs without prescription from drug shops. The different brands and formulations were obtained from drug stores wherever they could be found, until 6 samples of each dosage form were collected. Following purchase, information on manufacturer's address and country of origin of the brand, batch number, manufacturing date, expiration dates, labeled strength, and registration status by the National Agency of Food and Drug Administration and Control (NAFDAC) were recorded from the product label where available ( table 1 ) .
Drug Analyses
The analyses of the various dosage forms and brands were carried out within the month of July 2006. Quinine powder, which was used as standard, was obtained from Service Pharmaceuticals, Benin City, Nigeria. All other chemicals used for the analyses were of analytical grade. Preliminary examination of the organoleptic properties was carried out for all the drug samples collected. The following properties were evaluated for tablets: colour, taste, inscription on surface (if any), finishing (dull or glossy), coating type (if any) and odour. For the organoleptic properties, 3 assessors took part in the evaluation, including J.A.N. and I.M.A. Each assessor evaluated all the products, and differences in observations were handled objectively. The decision of a majority (at least 2) was taken. The apriori definitions for evaluation were based on the relativity of our findings to the descriptions of the physicochemical properties listed in British Pharmacopoeia (BP) 2003 for dosage forms of quinine. 
Analyses of Tablets
The tablets were assessed for uniformity of weight and content (20 tablets each), disintegration time and dissolution rate according to BP 2003. The disintegrations of 6 tablets per brand were determined in distilled water at 37 8 0.5 ° C using Manesty Tablet Disintegration Apparatus, while the dissolution rate was carried out using Manesty Dissolution Test Apparatus (Manesty Machines, Liverpool, England). This was fitted with a basket rotated at 100 rpm using 900 ml of 0.1 M hydrochloric acid as dissolution medium, maintained at 37 8 0.5 ° C. One tablet at a time from each brand was placed in the basket, and lowered into the vessel containing the dissolution medium. A 10 ml sample was withdrawn at time interval of 5 min from the middle of the beaker and replaced with the dissolution medium. The sample was filtered and diluted with an equal volume of 0.1 M HCl. This was continued for 40 min. The absorbance of the solution was measured at wavelength of 348 nm [9] . The test was carried out in triplicate and the mean was calculated.
Analyses of Liquid Preparations
Both parenteral and oral preparations were assessed for clarity, pH, specific gravity and viscosity, while only the parenteral preparations were assayed for content uniformity and sterility according to BP 2003 [9] .
Assay of Oral Liquid Quinine
The BP 2003 method for assaying quinine dihydrochloride injection was used with some modifications. Briefly, a volume containing 0.3 g of quinine salt was diluted to 20 ml with distilled water and 5 ml of 5 M sodium hydroxide was added to precipitate the alkaloid. Extraction was carried out with successive quantities of 10 ml of chloroform until complete extraction of the drug was effected, the chloroform layer was washed with water and separated from the aqueous layer with the aid of a separating funnel, and dried using a hot air oven. The residue was dissolved with 50 ml of anhydrous glacial acetic acid to which 20 ml of acetic anhydride and 5 ml mercuric acetate was added (where the hydrochloride salt was present). Crystal violet solution was included as an indicator, and 0.1 M perchloric acid was titrated against the mixture. The end point was taken. The percentage of quinine present was calculated from the formulae: each millilitre of 0.1 M perchloric acid is equivalent to 0.01804 g of quinine hydrochloride, while each millilitre of 0.1 M perchloric acid is equivalent to 0.249 g of quinine sulphate.
Results
The correlation coefficient (r 2 ) of the standard quinine curve and the assay sensitivity were 0.997 and 1 95%, respectively.
The samples of quinine preparation were either manufactured locally or imported from other countries. For example, all the tablets and parenteral preparations were imported, while some of the oral liquid preparations were made in Nigeria. They were all within a reasonable shelf life at the time of sampling and analyses ( table 1 ) .
Quinine Tablets
Pre-analysis of tablets revealed that of the 6 brands examined, 5 were sugar coated and 1 was uncoated ( table 2 ). Furthermore, all the coated tablets were smooth and glossy with an unbroken inscription on the tablet surface. They were evenly coloured and whitish. Coatings are included to protect quinine from photo degradation, mask the very bitter taste as well as to add aesthetic appeal to the product. The results of the organoleptic and physicochemical properties are shown in table 2 . The dissolution tests for 4 brands of tablets are shown in figure 1 . The dissolution tests for T B and T D were not included because T D did not disintegrate after 120 min and T B had 4.3% active content. Only T A and T E released over 70% of their quinine content after 40 min.
One brand of the liquid quinine had India as the country of origin on the label, while the other 5 brands were manufactured locally. Three of the 6 brands of the liquid preparations were not registered by NAFDAC ( table 1 ) . Brand L E was observed to be greenish yellow in colour, while L B and L F were colourless. The results for pH and percentage of quinine content also revealed marked variation from BP requirements ( table 3 ) .
All the parenteral preparations were imported and had NAFDAC registration numbers. The results of or- ganoleptic properties revealed that there was uniformity and compliance in taste, colour, odour, visual clarity and primary packaging with the BP requirement. The physicochemical properties also demonstrated that the pH, specific gravity and contents were uniform, except for brands P D and P F , which were higher than the required 95-105% specified by the BP 2003 ( table 4 ) .
Discussion
Quinine Tablets
Physicochemical properties are important in solid dosage forms, for example, disintegration. The BP 2003 stipulates a disintegration time of no less than 15 min for uncoated tablets and 30 min for coated tablets and capsules. The result showed that 5 of the 6 brands, i.e., T A , T B , T C , T E and T F , conformed to the BP requirement, while brand T D did not disintegrate after 120 min. The conformity of the other brands of tablets to the BP specification for disintegration can be explained to be due to the appropriate use of disintegrant and other excipients like binders and lubricants by the manufacturers. On the other hand, the non-disintegration of T D could have been due to either excessive use of binders or inadequate use of disintegrant, hence the tablet core, being strongly held together, prevented penetration of disintegration fluid into the tablet. Another possible factor is poor storage, for example, storage under high relative humidity or high temperature that interfered with the properties of the disintegrant and binders. It has also been reported that excessive use of lubricants by the manufacturer can prevent the penetration of disintegration fluid, since most lubricants are hydrophobic [10] . The type of disintegrant used and the method of incorporation of the disintegrant could also affect the rapid release of the drug into solution. Four of the 6 brands of tablets complied with the BP requirement for the uniformity of content. The reason for non-compliance of brand T A could be due to poor in-process control during manufacture, as well as inaccurate weighing and mixing during preparation. In brand T B , the quinine content was abysmally low; this appears to be deliberate as the drug was not even registered by the regulatory authority and there is no proper manufacturer's address on the label. This further reveals the steady presence of unregistered products. Dissolution studies give an idea of the amount of drug available for absorption after oral administration. Drugs with a poor dissolution profile will not be available in the body's systems or target organs/tissues to elicit a therapeutic effect. The BP 2003 states that 70% of the tablet drug should dissolve within 40 min. Brands T A and T E passed, while T C and T F failed the dissolution test, and hence a sufficient amount of the drug would not be available for absorption to elicit the expected therapeutic effect when administered. Besides the fact that dissolution studies were not carried out for T B and T D , they also did not have NAFDAC registration number, suggesting that they may have been smuggled into the country.
Oral Liquid Quinine Preparations
The result of the oral liquid preparation revealed a high level of disparity among the different brands and a reasonably high deviation from the BP requirements for oral liquid preparations ( table 3 ) . L C and L E were stored in plastic containers which could release alkalis into the solution. This is noticeable in L E , in which the liquid quinine HCl preparation had turned greenish, obviously due to alkaline release from the plastic container or as a result of contamination of the product by microbes. Furthermore, brands L B and L F were observed to be colourless. L F had a pH of 5.5 and its taste was not bitter; this was considered to be due to the low quinine content of the preparation. Moreover, neither of these 2 brands were registered by the regulatory authority (NAFDAC). The results of the pH of the preparation indicate that only brands L A and L B were within the acceptable pH range of 1.5-3.0 for quinine hydrochloride. There appears to be poor compliance with good laboratory and manufacturing processes by the manufacturers of some of these products, such as L A , L C and L E . L B and L F may be counterfeit products as very low concentrations of quinine were measured. This may explain the reason for the colourless appearance of these preparations.
Parenteral Quinine Preparations
All the parenteral preparations except P F appeared safe (since it had more than 20% excess of the labeled claim). This may have resulted from inaccurate weighing by the manufacturer and non-adherence to standard operating procedures on weighing. Another possible reason is overage by the manufacturers; however, such practice is not encouraged as this may lead to overdose and quinine toxicity when administered to patients. The sterility test for the injections demonstrated no growth of fungi or bacteria in the injections, suggesting that they were sterile. This may indicate a high degree of hygiene on the part of the manufacturers, and strict adherence to sterile production techniques.
For all dosage form types of quinine (tablet, oral liquid and parenteral), a strict check of the quality of products by regulatory agencies and distributors before they are sold to the public is therefore recommended.
Conclusion
This study showed that there are still some problems with the pharmaceutical quality of quinine products available in the Nigerian market. A number of the tablets and liquid preparations fell below the regulatory standards, irrespective of whether the product was manufactured locally or imported. A strict check of the quality of brands of quinine by regulatory agencies and distributors before they are sold to the public is therefore recommended.
